Abstract-Different stakeholders involved in the software development may attribute success to different indicators. Analogously they may support different factors considered the root of successful projects. The study presented in this paper explores how different stakeholders perceive project success and what they deem the effect of specific factors on the project outcome. The study highlighted both commonalities and differences among three main stakeholder classes. A substantial agreement was observed concerning the characteristics that make a project or product successful. As far as the factors that could lead to success are concerned, more bias emerged.
INTRODUCTION
A software project achieves success by delivering value to various stakeholders -people, groups, or organizations that are actively involved in a project, are affected by its outcome, or can influence its results [20] . In fact a number of studies [4] , [7] suggest that it is more effective to measure project success considering stakeholder or business values.
Any stakeholder has his perspective of software development, which depends mainly on his daily tasks, role in the company, artifacts he is working with, and eventually how his work is evaluated. In this research we distinguish three types of the perspectives: 1) Strategic perspective summarizes the views of company's business-oriented stakeholders, i.e. top managers, business analysts, market experts, etc.
2) Tactic perspective represents the views of stakeholders responsible for the daily software development process, mainly project managers.
3) Operational perspective is formed by the views of all those company stakeholders that are directly involved in the product development: developers, testers, system integrators, function analysts, requirement engineers, etc.
Stakeholders of the first group are interested mainly in revenue and customers, since their work is evaluated depending on the returns from the investments and economic benefits for the company. The second group is concerned about schedule and budget; they are judged by delivery precision and project cost. Stakeholders of the third group deal with software artifacts and their work is mainly evaluated upon the quality of the final product.
Thus it is rather obvious that the CHAOS definition of project success "on time and on budget, with all features and functions as originally specified" [9] might not fully reflect opinions of all stakeholders. Barry Boehm's win-win approach [8] to software management and requirements determination could be applied to project and product evaluation too. The truly successful project would be the one that is considered successful by all stakeholders. So the win-win evaluation is possible when there is a minimal conflict between success factors and characteristics chosen by stakeholders of different perspectives.
Before going further, we introduce the terms used in this work and give some examples. The attributes that are known from the beginning or during the project execution and are controllable by the project team (like requirements collection or risk evaluation) are called project factors. After the project ends it is possible to evaluate its results based on the project characteristics and product characteristics, called also indicators. Project characteristics cover such issues as final evaluation of the resources spent, quality of the teamwork and learning experience. Product characteristics relate mainly to the quality of the final product and its business value.
In order to explain better the win-win approach to the evaluation of project success we use an example. Project managers usually consider "on-time" to be a success indicator. To be on time they might force project members to do extra work. For the developers this extra work might actually obtain the Lister's effect: "people under time pressure don't think faster" [11] and create a stress situation resulting in low quality product -indicator of failure rather than success. In this situation reaching an agreement on what is a successful project and how to ensure it may be complex and could require discussion among the stakeholders.
We expect that an agreement among stakeholders, belonging to different perspectives, on the factors that result in successful projects (or at least these methods are not contradicting), makes it is easier to achieve better teamwork.
Moreover, if the characteristics of successful projects and products are similar (or at least are not incompatible) probably it is easier to have a win-win project/product assessment.
The empirical investigation presented in this paper focuses on the above two issues. It explores what are the success factors and characteristics of software projects and products seen from the three stakeholder perspectives and to what extent these criteria are similar.
The paper is organized as follows: section 2 gives an overview of related work. In section 3 we describe the empirical study, including hypothesis formulation, measures and data analysis techniques. Section 4 presents results of data analysis. In section 5 we discuss the findings of the study. In section 6 we address threats to validity. Conclusion and future work are presented in section 7.
II. RELATED WORK
There are many different and overlapping definitions of project success in the literature. A classical definition of project success is: within budget and on time [9] . Lewis [12] defines projects success as meeting performance requirements, cost requirements, time restrictions, and project scope. However, several researchers [5] , [13] found that projects success and important factors for project success are perceived differently among different industry domains and different cultures and countries.
It has been suggested that most project managers do not know how to define a successful project or how to characterize project success [13] . A common understanding is that project success is related to project management success and project product success [3] , [26] . However, the perception if a project is considered a success or failure depends on the person viewing the project [25] . For example, in Wateridge [25] , it was concluded that "to meet user requirements" is the most important success criteria for projects, both for users and project managers. However, the meaning of 'meeting user requirements' is perceived differently. Users associate meeting user requirements with their happiness, while project managers associated it with meeting budget and schedule targets. Moreover, Procaccino and Verner [17] highlight stakeholder differences when they are asked about their perceptions on success of a project.
Others [17] , [26] have studied project success and failure factors, which include: user requirements, budget, schedule, quality of the product, delivery time, business goals, and customer satisfaction. While Procaccino et al. [19] found that practitioners consider a success developing software products that meet customer/user needs and are easy to use. Consequently, a project may be considered successful by one stakeholder, but viewed as a failure by another [24] .
This indicates that it is needed to consider, not only culture and domains, but also views among different stakeholders, when addressing project success factors.
III. STUDY DESIGN
In this section we describe the data collection process, measures and data analysis techniques.
A. Description of Study

1) Questionnaire
A quantitative questionnaire [6] was designed to evaluate the research questions. The questions and the possible answers for the closed-end questions were selected during the literature review [6] . Several pilot studies performed to validate the questionnaire. The questionnaire included 33, mostly close-ended questions. Before the research was conducted in Australia, ethical clearance was received from the University of New South Wales.
The questionnaire consisted of three parts. Part 1 contained questions for gathering background information about the subjects, including data about respondent's position at current company. Part 2 contained close-ended questions about the subjects' last completed software project and open-ended questions about their perception of the success factors. Part 3 contained questions about software products for which the subjects were involved in development.
This part contained open-ended questions and a question that allowed participants to assign weights to a series of options. This made it possible for us to ascertain the relative importance of each factor.
2) Data Collection
Data was collected first from a set of Swedish and Australian companies in 2005 (study referred further as AuS). The population was software practitioners from Australian and Swedish companies. Software practitioners are defined as software developers (including programmers), database developers, software testers, project and top managers, market analysts, etc. A probability sampling method was used because it provides the researcher with a good selection process of samples from a large known population [2] . Samples were selected through contacts working at companies and from a list of randomly selected software development companies. Two forms for data collection were used: structured interviews and emailed questionnaires. Emailed questionnaires were used to facilitate larger sample sizes and to reduce the time taken for data collection and analysis. There are potential risks with emailed questionnaires, such as lack of interest and time, and a low response rate. Therefore, structured interviews were used to increase the reliability of the data collected [2] .
In 2006 the original questionnaire was translated into Italian. The questionnaire was administered, over the period January 2007 to March 2007, using telephone and personal interviews (study referred further as Ita). The selected contacts were software related companies located in northwest of Italy and sampled randomly from the Italian yellow pages database. Most of the respondents were developers, project managers and high-level managers.
Both studies included projects of the following development types: market driven (develop a product for the market), bespoke (customer specific), a mix of bespoke and market driven, and in-house development (developing a product within the same organization).
The replicated study differed from the original one in the design that was used for the second part of the questionnaire. In the first case respondents answered only about one project, successful or failed. In the second study case, respondents answered about both types of projects, successful and failed.
First, the data sets were analyzed separately, [5] and [14] . Since the data in the two studies was collected using very similar questionnaire we were interested to explore the common data set. In this work we discuss the results that come from the analysis of the general-perception questions of the questionnaire, which are described in the section 3.B.
B. Hypotheses
We are primarily interested in identifying the differences in terms of factors and characteristics among stakeholders' views, if any. But before that we must check whether there are clear preferences. If all factors and characteristics were equally important, we would expect a uniform distribution of preferences. We can thus formulate our first high-level null hypothesis:
1. Respondents value all factors and characteristics of equal importance to achieve project and product success.
If the above hypothesis can be rejected we can focus on the differences induced by the perspectives and formulate a second high-level null hypothesis:
Relevant characteristics and factors do not vary between respondents with different perspectives.
C. Variables and Measures
In our analysis we will consider a single independent variable: stakeholders' perspectives, which can assume three values: {strategic, tactic, operational}. The perspective was defined according to the role played by the respondent:
• strategic: top manager, owner, business analyst, IT market expert, etc;
• tactic: mainly project manager; • operational: developer, tester, function analyst, requirement engineer, etc.
The dependent variables consist in preferences for factors and characteristics of projects and products, measured as described below.
During the preparation of the Italian questionnaire a few modifications were introduced. Therefore not all items were present in both studies. Items that were present only in the original study are marked by (AuS), while those present only in the replicated study are marked by (Ita).
In addition a context variable was measured: the success or failure of the project, as judged by the respondent.
1) Product Characteristics
Successful product characteristics help to identify those product features that make it successful. The question was to "consider the produced software product from the project that you just described. Please 
D. Data Analysis Techniques
Since the purpose of our study is mainly explorative, and the nature of the variables renders them very sensitive to small changes, we fixed an α-level of 10% for all statistical tests. Thus our procedure is to reject the null hypotheses when the statistical tests provide a p-value less than α-level of 10%. Hypothesis 1 will be refined for each type of dependent variable and tested with statistical procedure as described in sections 3.D.1 and 3.D.2 below.
As far as hypothesis 2 is concerned, we must consider that the Italian study was not an exact replication of the Australian-Swedish one, but it introduced two main changes:
1) A few factors and characteristics are present in only one of the two studies.
2) In the Italian study respondents had to mark two project characteristics, and not three like in the original study.
Due to these differences it is impossible to run multivariate tests for the data set. Therefore we will address the second high-level hypothesis by dividing the data set manually into subsets according to the context variable and performing a qualitative analysis.
1) Analysis of Product Characteristics
The score data are not continuous and are not normally distributed; therefore in principle medians and nonparametric tests should be used.
Unfortunately an initial data analysis showed that respondents typically assigned points to 3-5 characteristics among the eight available. With such data, statistically the median of the points would vary between zero and the lowest scores received by a characteristic. Thus any analysis based on the median would completely disregard most (if not all) the non-zero scores assigned to each characteristic. For this reason we formulate our hypothesis using the mean instead of the median:
H1a_0: the mean of characteristic Y scores is not higher than what would be the result of random score assignment.
To test this null hypothesis the t-test will be used. A random score assignment to all characteristics would lead to a score of 125 (1000/8) for each characteristics. The ttest is generally robust but in this case the conditions for its applicability are not met, therefore its results will be used for explorative purposes only and not conclusive ones.
In addition, the characteristics will be sorted by their total score; then the most popular ones will be analyzed.
2) Analysis of Project Factors and Characteristics
The first high-level research hypothesis can be refined in the following way: In order to analyze if any factor or characteristic was preferred among the others, we will use a one-tail proportion test that allows us to analyze all data points.
In both studies respondents had twelve project factors from which to choose from. Respondents had to select the three most important factors. So the probability for each factor to be chosen in case of random selection was 25%.
In the original study respondents had the choice of ten project characteristics and had to select three of them, while in the replicated study the list of characteristics was made of seven items and only two were requested. So the probability in case or random selection is:
• 30% for the characteristics asked only in the original study Proportion test considers the number of responses and population size. The test examines how far from the expected proportion is the observed proportion. Expected proportion is the probability in case of random selection of a factor.
IV. DATA ANALYSIS
We received answers from 32 respondents in the Australia-Swedish study and 40 answers from the Italian respondents. In the Table I we present numbers of respondents of each view from different countries. The analysis was performed using the R-statistical package 1 . 
A. Product Characteristics
In this section we present the results of the data analysis for the product characteristics, including the results of H1a_0 tests. In Table II More than the half of the most important characteristics is confirmed by the t-test, though we present its results for the exploration purposes and not for the conclusion ones. In section 5 we mainly address the top three chosen characteristics and their order for each of the groups of respondents.
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B. Project Factors and Characteristics
In this section we present the results of the data analysis for the project factors (Table III) and characteristics (Table IV) , including the results of H1b_0 tests. Significant p-values are printed in bold.
Developers and other operational-view stakeholders agreed that in order to make successful projects it is necessary to understand customer problems, to have good programming style and team experience.
Project managers believe that most important for project success is to have very good project management and experienced team.
Top managers and other strategic-view stakeholders agreed that complete and accurate requirements, understanding customer problems and his involvement in the project are necessary for the project success.
Respondents of all three groups of stakeholders agreed that meeting business objectives, goals, and user requirements, and completing on time and within budget 3 Percent of respondents, that chose this factor. 4 Total number of respondents that had this factor as a choice. characterize successful projects. Strategic and operational stakeholders also mentioned meeting quality requirements as one of the most important project characteristics of success.
V. DISCUSSION
We have analyzed data from two empirical studies conducted in 2005 in Australia and Sweden and in 2007 in Italy. The small differences between the two studies allowed us to analyze together most of the data. The work presented here first investigates quantitatively which factors and characteristics play the most important role for different stakeholder types in defining success of a software project and product. And second, it compares qualitatively whether these opinions are aligned between them.
Respondents of the study represent all types of stakeholders in a software development organization, including developers, managers, quality engineers, function analysts and so on. Depending on the role played in the company, each respondent was assigned to one of three perspectives: strategic, tactic or operational.
A. Product Characteristics
There was an agreement between respondents of the three perspectives about two of the most important product characteristics: "customer satisfied with software product" and "great quality". The third indicator of high-quality software in the list was the same for the respondents of strategic-and operational-perspectives: both groups chose "reliability" as one of most significant characteristics. Tactic-view stakeholders gave more importance to the characteristic "product works". Interestingly, product characteristics (reliability and quality) are on the 2-3 top positions even for the strategicperspective respondents; economic issues (e.g. many sold copies or economic benefits) are perceived as less significant.
B. Project Issues
Factors. Both strategic-and operational-view stakeholders placed "understanding the customer's problems" on the first place. Tactic stakeholders chose "very good project management" as most important factor for the project success.
For both operational and tactic respondents "team experience" plays an important role.
Operational respondents pay special attention to good programming, while strategic respondents consider more important "customer involvement" and "completed and accurate requirements".
Characteristics. The list of most significant characteristics of the successful project is similar for the respondents of the three groups. All respondents evaluated as the most important: "met business objective, goal, and user requirements" and "completed on time and within budget".
Operational and strategic stakeholders mentioned also the third noteworthy characteristic "met quality requirements", while only 33% of project-view stakeholders selected it.
In Table V we present a summary of the results. Comparing answers of the three groups it seems that there is more agreement between opinions of operational and strategic respondents, than between tactic respondents and stakeholders of any of the other two groups. Probably this is due to the fact that while operational stakeholders develop software, strategic stakeholders sell it, so both groups are concerned about the quality of the final product. Tactic stakeholders are more concerned about administrative issues of the development, since their task is to organize the process and manage the resources.
Besides it seems that while the characteristics of successful projects and products are mostly similar between the groups, the subset of critical project factors is rather different between respondents of different perspectives. It means that there is an agreement on what to consider a successful project or product. But stakeholders of different perspectives give different weight to various methods of how to achieve good results.
VI. THREATS
The validity of the findings reported is subject to some threats, which can be divided into four main categories: internal, construct, conclusion and external.
Threats to internal validity derive from the possible presence of alternative causes for the observed results. An important threat, in this study, can stem from using inadequate procedures (e.g. the instrument has been changed during data collection) [10] . Between the first and the second study, a translation (form English to Italian) and partial adaptation took place. We analyzed together only perfectly equivalent questions. In addition we adopted a proper analysis method to analyze the project characteristics as described in section 3.D.2. Another threat consists in the different distribution of stakeholders in the two studies: strategic and tactic groups included a comparable number of participants from the two studies. While in the operational group there was a prevalence of Italian developers. We believe that such unbalance does not affect our overall findings; more detailed analysis on the effect of geography is not reported here for lack of space.
Construct validity concerns the correct concrete measurement of abstract concepts. All factors and characteristics, selected for the study, come from different sources, where they all proved to be significant. So we believe that there was no one single "obvious" factor or characteristic, which predominated in the selection with the risk that participants could "guess" the expected answer.
The main threats to conclusion validity are lack of statistical calculations or misuse of statistical assumptions that leads to incorrect conclusions made by the researcher [10] . Proper tests were performed to investigate the Product characteristics indicated in parenthesis were not found statistically relevant detailed null hypotheses. The data sample was large enough to perform most of the statistical tests. Finally, external validity, sometimes referred to as selection validity, is the degree to which the findings can be generalized to other settings. The participants of this study are from three countries: Australia, Italy and Sweden. Companies were randomly selected and vary in size and core business. We believe that our findings can be generalized, to the European and Australian context. Clearly only another replication of this study in a different setting could confute our findings.
VII. CONCLUSIONS
This paper reports results from an empirical investigation aimed at understanding success factors and characteristics for software projects and products viewed from different perspectives. We distinguish three stakeholders' perspectives: strategic, tactic and operational. We assumed that if the stakeholders of different perspectives agree on the factors that make a successful project it should be easier to run successful projects and produce high-quality software.
72 respondents from Australia, Italy and Sweden participated in the study. We found (see Table V ) that there was an agreement between stakeholders on the definition of what is a successful project and product. In fact the majority of the respondents agreed that "satisfied customer" and "great quality" characterize successful products. As for the project characteristics it was important for all stakeholders that projects "meet business objective, goal, and user requirements" and are "completed on time and within budget".
On the other hand other success factors were quite different in function of the stakeholders' perspectives. For instance, "understanding the customer's problems", is relevant for strategic and operational stakeholders, but not for tactical ones. "Team experience" is relevant for the tactical and operational view, and so on.
The customer perspective is another important key point of view. Our expectation is that it is consistent with the strategic perspective, but this aspect should be investigated in future work.
In conclusion, the findings from this study indicate that success cannot be defined so narrowly as it is done in the chaos report. The formula "on time and on budget, with all features and functions as originally specified" [9] is not sufficient for any of the stakeholders when they talk about successful projects.
